where φ M is the B 
where C f is related to CP violation in the decay and S f represents CP violation in the interference. Neglecting penguin pollution and assuming no Beyond Standard Model (BSM) contribution, the phase φ s is predicted to be φ s = −2β s = 0.0365
−0.0012 rad [1] . The world average result by HFLAV, φ s = −0.021 ± 0.031 rad [2] , is dominated by LHCb measurements and is compatible with Standard Model (SM) prediction.
Measurement of φ s with
B 0 s → J/ψ K + K − in
the mass region above the φ(1020)
A study performed by LHCb, using a data sample corresponding to 1 fb −1 showes a rich resonance spectrum in the K + K − mass distribution [3] , indicating that the signficant contribution from the f 2 (1525) resonance and nonresonant S-wave amplitudes can be used for further studies of CP violation [4] . In this analysis, the CP observables are determined as functions of the B 0 s decay time in a four-dimensional phase space including the three helicity angles characterizing the decay and the invariant mass of the two kaons, m KK . With respect to the previous publication focusing on the J/ψ φ(1020) decays [5] , the B 0 s → J/ψ K + K − sample is separated into two regions, having m KK above or below the φ(1020) resonance. A simultaneous fit is performed for the two samples.
All the resonanses found in the previous analysis are considered as contribution to the entire fit, except for the unconfirmed f 2 (1640) state. The fit projection of m KK is shown in Figure 1 0.03 ± 0.14 ± 0.02 Table 1 : Results of the maximum likelihood fit to the selected B 0 s → ψ(2S)φ candidates. The parameters are defined in Ref. [8] . The first uncertainty is statistical and the second is systematic.
where ∆Γ s is the decay width difference between the light and the heavy mass eigenstates, m f (1525) and Γ f (1525) are the mass and width of f (1525), the first uncertainty is statistical and the second is systematic.
The combination with previous results from B 0 s decays in the φ(1020) region [5] and J/ψ π + π − final states [7] gives φ s = 0.001 ± 0.037 rad [6] .
Measurement of φ s with
The ψ(2S) resonance state is for the first time used in the φ s measurement with
This decay has a similar topology compared with the 'golden mode' [5] . Compared to the latter analysis, a multivariate selection is added to optimise the statistical sensitivity and the control mode B 0 s → φ(2S)K * is used to calibrate the decay time acceptance. In total, 4697 ± 71 signal candidates are found in this channel. An unbinned maximum likelihood fit to the four-dimensional distributions of the B 0 s → ψ(2S)φ decay time and helicity angles is done to estimated the CP violation phase φ s . The results, listed in Table 1 [8] , are compatible with previous LHCb measurements [5, 7] .
The flavour-specific lifetime is defined as
where ∆Γ s = Γ s,H − Γ s,L is the decay width difference between the light and the heavy mass eigenstates and [9] and is consistent with and more precise than the current measured values [10, 11] .
Measurements of the CKM angle γ
The angle γ is the least well known angle in the CKM unitarity triangle. It can be measured using treelevel processes based on the interference between b → cus and b → ucs transitions and has negligible theoretical uncertainty [12] in SM predictions. Disagreement between such direct measurement of γ and the value inferred from global CKM fits would indicate new physics beyond the SM. The world-average value of the γ measurements with (B → DK)-like decays is γ = (74.0
• [2] . The CKMFitter group quoted γ = (66.9 +0.9 −3.4 )
• [13] from a global fit of CKM parameters. And the latest LHCb combination yields γ = (76.8
• [14, 15] . Exploiting the Run-II dataset with already used or even new decay modes will allow to reduce the uncertainty on the measured value of γ.
Measurement of the CP observables using B ± → DK * ±
The CP violation in B ± → DK * ± decays is sensitive to γ at tree level. Decays of the D mesons to
± with the K 0 s π ± final states are used in the reconstruction. LHCb has reported the measurement of γ with B ± → DK ± decays modes [16] . Compared with these channels, the branching fractions of B ± → DK * ± is of a similar magnitude, however the reconstruction efficiencies for the K * ± decay are much lower. Several CP asymmetries and ratios, corresponding to different final state of the D 0 , were measured as the γ sensitive observables. The mass spectrum of the B ± → D(K + K − )K * ∓ decay modes are shown in Figure 2 [17] . A simultaneous fit is performed to all D final state.
The measured CP ovservable in the favoured mode, A Kπ = −0.004 ± 0.023(stat) ± 0.008(syst) [17] , is consistent with zero. The combined results from the CP -eigenstate K + K − and π + π − decay modes, R CP + = 1.18 ± 0.08(stat) ± 0.01(syst), A CP + = 0.08 ± 0.06(stat) ± 0.01(syst) [17] , are consistent with and more precise than the previous measurements from BaBar [18] . 
The CP observables can be interpreted in terms of either γ or β s by using an independent measurement of the other parameters as input and are given by + is used as a control channel for the determination of the decay time efficiency and flavour tagging performance. The fitted CP observables are listed in Table 2 . With the value of β s from previous LHCb measurment in
, the angle γ is determined as γ = (127
CP violation searches in the b-baryons decays
In the SM, decays of the Λ 0 b bayron are predicted to have non-negligible CP asymmetries, as large as 20% for certain three-body decay modes [19] . Large numbers of beauty baryons are produced at the LHC, the production ratio of B 0 : Λ 
CP violation searches in
is mediated by the weak interaction, CP violation in decay can arise from the interference of a tree amplitude and a penguin amplitude.
The scalar triple products of final-state particle momenta in the Λ 0 b centre-of-mass frame are used for P and CP violating searches, defined as
, where Φ is the angle between the decay plane of the proton and higher-momentum π − and that of the π + and the lower-momentum π − . TwoT -odd asymmetries are built as
The P and CP violating observables can be constructed as
The analysis was performed in ten bins of |Φ| and in twelve bins of the phase space. The distribution of the asymmetries are shown in Figure 3 . Combining the results of both schemes gives evidence for CP violation in Λ 0 b → pπ − π + π − at the level of 3.3σ [21] .
− is mediated by flavour-changing neutral-current transitions in the SM. The theoretical prediction of CP violation in this decay is very small [22, 23] violation contributions from BSM physics. The signal yield is determined to be 600 ± 44. The asymmetry A CP is related to the raw asymmetry A raw via [24] , are comaptible with CP and parity conservation and agree with SM predictions.
Conclusions
Many new measurements of CP violation searches in b-hadron decays are performed by the LHCb experiment. These results improve our knowledge on the CKM parameters. All the measurements are still statistically limited and can be improved with LHC Run-II data.
